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Exposure to ionizing radiation is known to have lethal effects in blood cells. It is predicted
that an individual may spend days, weeks or even months in a radiation field without
becoming alarmed. The study aimed to discuss the evaluation of low dose ionizing radi-
ation (IR) effect on some blood components in animal model. Hematological parameters
were determined for 110 animal rats (divided into 8 groups) pre- and post-irradiation. An
attempt to explain the blood changes resulting from both irradiation and time is given.
There was a significant reduction in WBC counts one day after irradiation at all dose levels
compared to the control group and started to be affected at the dose of 0.3 Gy. The sig-
nificance was increasing with increasing the dose. The degradation rate was 15 times
higher than the recovery rate. Although both rates increase with increasing the dose,
however, the rate of recovery in the second stage is faster than that in the initial stage.
Platelet count shows a slow increase in the rate of recovery with increasing the dose up to
0.4 Gy. After which there is a linear increase up to a dose of 1 Gy with a slope of 21 count/
day/Gy. Additionally, there is an increase in the rate of degradation on the applied dose up
to 0.3 Gy with a slope of 61.6 count/day/Gy. The recovery rate of red blood cells count (RBC)
increases with the increase in the dose reaching a maximum at about 0.5 Gy. Further in-
crease in dose resulted in a rapid degradation with a minimum count at the dose of 0.75 Gy
at the maximum value of 0.5 Gy, the change in count decreases exponentially with the
increase in time.
The present findings suggest that damage from IR causes a significant reduction in
blood cell counts in a dose-dependent manner, which may be considered a potential healthon of Oncology in Radiation Protection Department, Nuclear and Radiological Regulatory
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ment of protocols for medical management of radiation injuries based on hematopoietic
changes for biodosimetry.
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Living organisms are continually exposed to IR in nature as
well as from nuclear weapons testing, occupations, consumer
products, and medical procedures (Hall & Giaccia, 2008). The
effect of exposure to IR is of interest to the space exploration
community as well as patients considering radiotherapy
(Sanzari et al., 2013a). Ionizing radiation (IR) damages biolog-
ical tissues by exciting or ionizing their atoms and molecules.
Depending on the exposure to radiation dose and the
biochemical processes, damage may be prompt (expressed
minutes to weeks after exposure) or delayed (expressed
several months to years later) (Hall & Giaccia, 2008). Ionizing
radiation (IR) has a sufficient amount of energy to induce
physical symptomatology within minutes of exposure,
appearing as the acute radiation syndrome (ARS). The pro-
dromal phase of ARS includes nausea, vomiting, and fatigue.
The quality of radiation, dose, and dose-rate are all contrib-
uting factors to the differential symptoms of ARS. These
prodromal symptoms can be followed by dramatic decrease in
peripheral blood cell counts, as hematopoietic cells represent
a renewal system consisting of cells with fast division rates
that are known to be sensitive to IR (Sanzari et al., 2013a).
When cells are exposed to IR, they respond in a variety of ways
that differ quantitatively and qualitatively according to the
absorbed dose and the cell type that generally reflects damage
caused to a well-defined cellular components and molecular
structures (Holl et al., 2000). Chronic exposure of mammals to
low dose-rates of ionizing radiation affects proliferating cell
systems as a function of both dose-rate and the total dose
accumulated. The lower the dose-rate the higher needs to be
the total dose for a deterministic effect, i.e., tissue reaction to
appear. Additionally, previously investigators published
representative data on low dose-rate induced responses in the
hemopoietic system that done on rat and dog. They observe
that, the relationship between daily low-dose level exposures
and clinical signs and symptoms in the exposed organisms is
determined by the damage accumulating especially in the
rapidly turning over cell renewal systems e such as the he-
mopoietic tissue. This means that the tissue effect of hemo-
poietic failure depends on both total absorbed dose, in short
dose, and on the dose-rate or frequency of repetitive expo-
sures (Fliedner, Graessle, Meineke, & Feinendegen, 2012).
Exposure to IR is known to have lethal effects in blood cells
(Billings, Romero-Weaver, & Kennedy, 2014). Prior studies in
mice demonstrated that the, lymphocytes, a type of WBC,
show the most immediate response to IR by exhibiting a
dramatic drop 24 h (one day) following radiation exposure,
and then recovery occurs. In contrast, platelets decline more
gradually, over a longer time period (Maks et al., 2011;Romero-Weaver, Wan, Diffenderfer, Lin, & Kennedy, 2013a).
Additionally, the complications associated with the hemato-
poietic syndrome include infection and internal hemorrhage.
The decrease in peripheral blood cell counts recorded within
the first 48 h of radiation exposure serves not only as amarker
for the severity of the exposure, but also as a marker for
treatment and prognosis (Sanzari et al., 2013b). Unfortunately,
at very low dose-rates, the total dose that is needed to bring
about the tissue effect of hemopoietic failure reaches very
high values, so that at low dose-rates hemopoiesis continues
to fully function clinically up to very high total doses, as is
explained also theoretically (Kutkov, Buglova, & McKenna,
2011). Thus, both total dose and dose-rates need consider-
ation in evaluating radiation effects in red bone marrow.
Limited data are available on the effects of varying dose-rates
for a given accumulated dose (Fritz, 2002). On the other hand,
the study of Sanzari, Cengel, Wan, Rusek, and Kennedy (2014)
suggest that damage from IR causes a significant reduction in
blood cell counts in a dose-dependent manner.
However, the mechanisms of the considerable tolerance to
hemopoietic failure at low dose-rates are largely unknown but
likely linked to stem cell responses (Fliedner et al., 2012).
The aim of the present study is to discuss the evaluation of
low dose ionizing radiation effect on some blood components
in animal model.2. Material and methods
One hundred and tenmale albino rats (Rattus rattus) were used
in this study weighing 125e140 g at the beginning of the
experiment. The animalswere accommodated in plastic cages
under controlled conditions of temperature, humidity and
light and had free access to tap water and food. A specially
designed cage was used for the purpose of irradiation; such
cage is composed of two co-centric cylinders of 22 cm height
such that the radius of the inner one is 16 cmwhile the radius
of the outer one is 24 cm. The source is located at the center of
the cage. The rats were kept between these two cylinders
during the irradiation process which means that the rats are
positioned at 20 cm from the source approximately.
Cesium-137 (137Cs) gamma source was used for irradiation
purpose. Such source is available in the National Centre for
Nuclear Safety and Radiation Control (NCNSRC), Egyptian
Atomic Energy Authority (EAEA). The dose rate of such source
at 20 cm was 2.56 mGy/h at the time of the experiment which
is in accordance with the dose rate recommended by the
UNSCEAR 1993 for low doses.
The experimental animals included in the study were
divided into 8 groups. First group which is the control group
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rats each) were exposed to whole body gamma irradiation
continuously with a dose rate of 0.1 Gy, 0.2 Gy, 0.3 Gy, 0.4 Gy,
0.5 Gy, 0.75 Gy and 1.0 Gy respectively. A complete blood pic-
ture (CBC) was examined after 3 h, 1 day, 2days, and then
7days from irradiation for all groups. All experimental pro-
tocols involving mice were reviewed and approved (Experi-
mental Animal Research Plan Nos. 07-2023, 08-2023 and 09-
2023) by The Institutional Animal Care and Use Committee of
the National Institute of Radiological Sciences (NIRS). The
experiments were performed in strict accordance with the
NIRS Guidelines for the Care and Use of Laboratory Animals.
2.1. Statistical analysis
Data was statistically described in term of mean ± standard
error (SE). For determinate the suitable test which can be used
for comparison of numerical variables between the study
groups, two tests should be done. The first test used was test
of normality which represents in KolmogoroveSmirnov (KeS)
test. The second testwas test of an equal variance represented
in Bartlett's test. In this work the KeS test and Bartlett's tests
show that the data follows the normal distribution and the
variances between groups were equal. Consequently, the
parametric tests should be applied for comparing the nu-
merical variables between the groups. Comparison between
the means of two unrelated groups was carried out using in-
dependent t-two tailed test. Statistically significant differ-
ences between group's means at individual time points were
determined by one-way ANOVA and Tukey's HSD Post Hoc
tests.
The KeS test is nonparametric test that compares the cu-
mulative distributions of two data sets. It is much used as a
goodness-of-fit-test. In particular, it is often employed for
evaluation of sample distribution normality (Harvey, Paige,
Mike, & John, 2014). If the test statistic (T.S) is less than the
critical value at a chosen significance level (a), the hypothesis
that the sample can be described by the fitted normal distri-
bution is accepted at the significance level. In this study, the
significance level (a) is equal 0.05. For a¼ 0.05 the critical value
is 0.409.
Bartlett's test is used to test if k samples have equal vari-
ances. It is sensitive to departures from normality. If strong
evidence that the data do in fact come from a normal, or
nearly normal distribution is found, then Bartlett's test has
better performance (NIST/SEMATECH 2015). If the test statistic
(T.S) is less than the critical value at a, the hypothesis that the
variances are judged to be equal is accepted. For a ¼ 0.05, the
critical value is 16.919.
In this work the independent t-test was the using test for
differences among 2 group'smeans (control and each separate
group). If the test statistic (T.S) was less than the critical value
at a, the hypothesis that the there was no significant differ-
ence between the means of two groups is accepted. For
a ¼ 0.05, the critical value was 2.201.
One-way analysis of variance (one-way ANOVA) is used to
determine whether there are any significant differences be-
tween the means of two or more independent groups
(Statistics.laerd.com 2015). Since the test statistic (T.S) is
much larger than the critical value, the null hypothesis ofequal sample means is rejected and concludes that there is a
significant difference among the sample means. For a ¼ 0.05
the critical value is 2.14. The one-way ANOVA is an omnibus
test statistic and cannot determine which specific groups
were significantly different from each other, only at least two
groups were. To determine which specific groups differed
from each other, a post hoc test should be use (Statis-
tics.laerd.com 2015). Tukey's HSD (Honest Significant Difference)
test is used in conjunction with an ANOVA to find means that
are significantly different from each other.
Either difference between the groups studied is considered
statistically significant at p-value  a (0.05).
Data analysis is conducted using the Statistical Package for
Social Sciences (SPSS) and minitab-15 statistical software.3. Results
3.1. Radiation effects on White Blood Cell Counts (WBC)
Statistical tests for WBCs are shown in Tables 1e5. Values of
Test Statistic (S.T) and P-value of KeS test as test of normality
are shown in Table 1.
It is obvious that all the values of T.S of KeS test at different
doses and days are less than critical value while P-values are
greater than 0.05. This means that, the sample can be
described by the fitted normal distribution. Additionally Table
3 shows the values of T.S and P-value of Bartlett's test as test of
an equal variance. Table 2 shows that there was a statistically
significant difference between the means of the control group
and the mean of each group separately starting from group/
dose 0.3 Gy ending with 1.0 Gy at 1st & 2nd days in addition to
the 7th day in group/dose 1.0 Gy. Additionally, Table 4 shows
that there was a statistically significant differences between
the means of groups at the same days. To determine which
specific group was differed from each other, a post hoc test is
used and the results are presented with the mean and SE in
Table 5.
Hematological parameters were determined for all animals
pre- and post-irradiation. The effect of irradiation dose on
WBC count at different post-irradiation periods is given in
Table 5 and Figs. 1 and 2. In general, a dose-dependent
decrease in total white blood cells (WBC) was observed for
all irradiated animal groups beginning from the first blood
sample collected after one day of irradiation. The mean WBC
counts were not significantly different from one another, but
they all have a statistical significant reduction in WBC count
comparing to the control group (P < 0.001). The significant
reduction inWBC countswas detected after 24 h (one day dose
irradiation) post-irradiation at all dose levels in comparison to
the control group except at dose 0.1 Gy and 0.2 Gy. This means
that WBC count started to be affected at the dose of 0.3 Gy.
There was an increasing in significance with increasing the
dose.
Analysis of data for the post-irradiated WBCs count in-
dicates a decrease inWBC count with the increase in dose at a
constant time of 1 day (Table 6) with the following
dependence:
Fig. 3 shows the change in counting rate of WBCs as a
function of dose. It is quite clear that there are two processes,
Table 1 e KeS test.
Dose Control 0.1 Gy 0.2 Gy 0.3 Gy
Days/Test T.S P T.S P T.S P T.S P
0 day (3 h) 0.163 0.954 0.136 0.993 0.157 0.966 0.220 0.717
1 day 0.157 0.966 0.164 0.952 0.239 0.615 0.149 0.979
2 day 0.155 0.969 0.163 0.950 0.237 0.620 0.147 0.982
7 day 0.132 0.995 0.150 0.979 0.223 0.705 0.145 0.985
Dose 0.4 Gy 0.5 Gy 0.75 Gy 1.0 Gy
Days/Test T.S P T.S P T.S P T.S P
0 day (3 h) 0.155 0.970 0.181 0.898 0.193 0.850 0.255 0.535
1 day 0.146 0.983 0.163 0.953 0.187 0.877 0.228 0.675
2 day 0.153 0.974 0.167 0.946 0.182 0.886 0.230 0.670
7 day 0.137 0.992 0.206 0.789 0.163 0.953 0.119 0.998
Table 2 e Student's T-test.
Dose 0.1 Gy 0.2 Gy 0.3 Gy 0.4 Gy
Days/Test T.S P T.S P T.S P T.S P
0 day (3 h) 0.356 0.727 0.789 0.440 0.876 0.393 1.326 0.202
1 day 1.471 0.159 2.077 0.052 2.522 0.021* 6.022 <0.001
2 day 1.214 0.240 1.943 0.068 2.321 0.032* 4.338 <0.01
7 day 0.610 0.549 1.202 0.245 1.615 0.124 1.848 0.086
Dose 0.5 Gy 0.75 Gy 1.0 Gy
Days/Test T.S P T.S P T.S P
0 day (3 h) 1.672 0.112 1.785 0.091 1.202 0.245
1 day 10.26 <0.001 9.233 <0.001 14.04 <0.001
2 day 8.33 <0.001 8.83 <0.001 12.71 <0.001
7 day 1.89 0.079 1.847 0.081 5.632 <0.001
*p-value < 0.05 (significant).
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the initial rates of the two processes, it is obvious that the
initial rate of recovery is much slower than that of degrada-
tion. The calculated value of both rates is 0.173 and 2.65 count/
day/Gy, respectively. This means that the degradation rate is
15 times more than the recovery rate. After slow transition,
both rates increase almost linearly with the increase in dose
(the second stage). The rate of recovery increases linearly
within the dose range 0.3e0.75 Gy while that of degradation
rate increases linearly between 0.3 and 0.5 Gy. The rate of
recovery in the second stage is 1.183 count/day/Gy while the
rate of degradation is 10.3 count/day/Gy. The ratio of the rate
of degradation to that of recovery is 8.7 times. Although both
rates increase with dose, however, the rate of recovery in the
second stage is faster than the rate of recovery in the initial
stage. This probably is due to remarkable regenerative ca-
pacity of blood cellswhichwill recoverwithin a short period of
time. These ratios indicate that there is a net increase inTable 3 e Bartlett's test.
Days/Test T.S P
0 day (3 h) 2.70 0.912
1 day 7.37 0.391
2 day 6.63 0.469
7 day 8.94 0.257recovery which amounts to 42% recovered within 0.3e0.75 Gy.
Also both rates show a tendency to level off starting from
0.75 Gy in recovery rate and 0.5 Gy in degradation rate. In the
present study a net recovery reached 42% up to 1.0 Gy dose.3.2. Radiation effect on platelet counts
Statistical tests for Platelets are shown in Tables 7e11. It was
obvious from Tables 7 and 9 that the sample can be described
by the fitted normal distribution and the variances between
groups were equal, this was due to T.S of KeS and Bartlett's
tests at different doses and days were less than critical value
while P-values were greater than 0.05. From Table 8, there was
no statistical significant difference between the mean of each
group compared to the control group. Table 10 illustrates that
themeans between all groups are not statistically significantly
different.Table 4 e One-way ANOVA test.
Days/Test T.S P
0 day (3 h) 0.807 0.584
1 day 31.29 <0.001
2 day 25.65 <0.001
7 day 3.707 0.002*
Table 5 e Effect of low dose ionizing radiation on white blood cell count.
Dose 0 day (3 h) 1 day 2 day 7 day
Control 9.90 ± 0.231 9.99 ± 0.241 9.59 ± 0.232 9.86 ± 0.320
0.1 Gy 9.79 ± 0.206 9.41 ± 0.312 9.13 ± 0.302 9.52 ± 0.456
0.2 Gy 9.65 ± 0.216 9.21 ± 0.288 8.89 ± 0.278 9.35 ± 0.279
0.3 Gy 9.58 ± 0.283 8.73 ± 0.437(a)* 8.47 ± 0.424(a)* 9.00 ± 0.426
0.4 Gy 9.49 ± 0.205 7.61 ± 0.313 (a)***(b)**(c)* 7.85 ± 0.328(a)** 8.63 ± 0.584
0.5 Gy 9.38 ± 0.198 6.47 ± 0.244 (a,b,c,d)*** 6.73 ± 0.253 (a,b,c)***(d)** 8.61 ± 0.577
0.75 Gy 9.24 ± 0.288 5.85 ± 0.378 (a,b,c,d)***(e)** 5.74 ± 0.370 (a,b,c,d,e)*** 8.59 ± 0.609
1.0 Gy 9.49 ± 0.250 5.48 ± 0.213 (a,b,c,d,e)*** 5.56 ± 0.216 (a,b,c,d,e)*** 6.87 ± 0.427 (a)***(b,c)**(d)*
*p < 0.05, **p < 0.01, ***p < 0.001.
a Statistically different from control animals measured at the same time period.
b Statistically different from 0.1 Gy animals measured at the same time period.
c Statistically different from 0.2 Gy animals measured at the same time period.
d Statistically different from 0.3 Gy animals measured at the same time period.
e Statistically different from 0.4 Gy animals measured at the same time period.
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11 and Figs. 4 and 5. Table 11 shows the mean and SE for each
group/dose at different days. It indicates that in spite of the
post-irradiation reduction effect on platelet count especially
at 0.5 Gy, still this reduction was not statistically significant.
At the 1st and 2nd days of irradiation, the platelet count has
no evident change compared to the control for 0.1, 0.2, 0.3, 0.4,
0.75, and 1.0 Gy doses. The obvious reduction effect on platelet
count is at the dose of 0.5 Gy in days of the study.
The combined effect of both parameters on the platelet
count is given in Table 12 and Fig. 6. There is a slow increase in
linear dependence of the recovery rate in platelet count on the
applied dose up to 0.4 Gy. The slope of which is 3.5 count/day/
Gy followed by a transitional zone in doses between 0.4 and
0.5 Gy. After which there is a high linear dependence of rate of
increase in platelet count up to a dose of 1.0 Gy with a slope of
21 count/day/Gy. In the same time, there is a steep increase in
linear dependence of the degradation rate on the applied dose
up to 0.3 Gy with a slope of 61.6 count/day/Gy. The rate of
decrease is then started to increase in the doses between 0.3
and 1.0 Gy. This means that both processes, the rate ofFig. 1 e Effect of irradiation dose on WBC count.degradation and the rate of recovery, are done in the same
time with a net decrease in count by increase in irradiation
dose.3.3. Radiation Effect on Red Blood Cell Counts (RBC)
Statistical tests for RBCs count are shown in Tables (13e16).
At the day of irradiation, there is a statistically significantly
difference between groups regarding the mean. However,
there is also a highly statistically significantly difference be-
tween the mean of control group and the 0.5 & 0.75 groups.
The effect of gamma irradiation on red blood cell count is
shown in Table 17 and Figs. 7 and 8 for dose and time
dependences.
Table 18 and Fig. 9 show the dependence of RBC count on
post-irradiation dose at different post-irradiation time. It is
obvious that the curves increase with the increase in dose
reaching a maximum at 0.5 Gy dose and then show rapid
decrease reaching a minimum value at 0.75 Gy then; they
show a tendency of a decrease and/or level off at 1.0 Gy dose.Fig. 2 e Effect of irradiation time on WBC count.
Table 6 e Rate of dependence in white blood cell count with increase in irradiation dose.
Dose 0.0 0.1 0.2 0.3 0.4 0.5 0.75 1.0
Rate of Degradation 0.0 0.47 0.53 0.94 1.97 3.0 3.48 3.73
Rate of Recovery 0.0 0.024 0.038 0.052 0.102 0.322 0.516 0.208
Fig. 3 e Rate of dependence in white blood cell count with increase in irradiation dose.
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amounts to about 0.5 RBC/Gy between 0 and 0.3 Gy followed by
transition between 0.3 and 0.4 Gy reaching a maximum value
at 0.5 Gy dose. A further decrease in red blood cell count is
recorded from the maximum to a minimum of 1.0 at 0.75 Gy
for the day of irradiation and aminimumof about0.24 for all
post irradiation curves after 2 days of irradiation.
Fig. 10 shows the change in RBCs count at a function of
time as the peak dose of 0.5 Gy. The RBCs count decreases
exponentially with the increase in time (t) following the
equation:
RBC count ¼ 0.92 e0.49t
The curve shows a good degree of fitness of R2 of 0.9737.
The results of figures indicate that the maximum value of
RBC count was achieved at dose of 0.5 Gy. This indicates that
the maximum count of RBCs occurs at the day of irradiationTable 7 e KeS test.
Dose Control 0.1 Gy
Days/Test T.S P T.S P
0 day (3 h) 0.288 0.337 0.130 0.9
1 day 0.146 0.984 0.192 0.8
2 day 0.144 0.987 0.175 0.9
7 day 0.147 0.982 0.177 0.9
Dose 0.4 Gy 0.5 Gy
Days/Test T.S P T.S P
0 day (3 h) 0.160 0.961 0.247 0.5
1 day 0.164 0.950 0.226 0.6
2 day 0.166 0.945 0.207 0.7
7 day 0.159 0.963 0.225 0.6(about 3 h (0 day) post irradiation time). So, this time and dose
are recommended for getting a maximum effect on RBC
count.4. Discussion
Ionizing radiation has well documented effects on blood cells
and it is generally assumed that these effects contribute to the
hematopoietic syndrome (HS), observed in animals and
humans, following exposure to total body irradiation (TBI)
(Billings et al., 2014). Exposure to low doses of IR is a fact of life
in certain occupational settings. Radiation accidents, while
unfortunate at the minimum and devastating in the worst
cases, will no doubt continue to occur. Fortunately most ra-
diation exposures involve lowdoses (<1 Gy) and as such do not
have immediate life threatening effects. However, long-term
effects of low-dose exposures may be real and should be
given serious consideration (Tucker, 2008). Based on the0.2 Gy 0.3 Gy
T.S P T.S P
96 0.191 0.861 0.196 0.839
53 0.151 0.977 0.150 0.978
21 0.149 0.980 0.152 0.975
11 0.148 0.982 0.150 0.977
0.75 Gy 1.0 Gy
T.S P T.S P
77 0.137 0.922 0.234 0.643
89 0.164 0.950 0.136 0.993
83 0.161 0.956 0.134 0.995
94 0.163 0.954 0.160 0.960
Table 8 e Student's T-test.
Dose 0.1 Gy 0.2 Gy 0.3 Gy 0.4 Gy
Days/Test T.S P T.S P T.S P T.S P
0 day (3 h) 0.931 0.364 1.332 0.200 1.595 0.128 1.830 0.084
1 day 0.552 0.588 0.814 0.426 1.106 0.283 1.585 0.130
2 day 0.452 0.657 0.519 0.610 0.722 0.479 1.212 0.241
7 day 0.460 0.651 0.562 0.581 0.815 0.426 1.365 0.189
Dose 0.5 Gy 0.75 Gy 1.0 Gy
Days/Test T.S P T.S P T.S P
0 day (3 h) 1.988 0.070 1.315 0.205 1.140 0.269
1 day 1.851 0.081 0.313 0.758 0.424 0.676
2 day 1.641 0.118 0.252 0.804 0.551 0.588
7 day 1.837 0.083 1.138 0.270 1.924 0.070
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significant decrease in the blood cell count after irradiation,
WBCs appeared to be the most sensitive to g-ray irradiation
among the types of cells evaluated (Sanzari et al., 2013a). The
damage from IR causes a significant reduction in blood cell
counts in a dose-dependent manner, which may be consid-
ered a potential health risk during exposure. As expected, the
dose of radiation was the most significant contributing factor
in the observed radiation-induced cell loss. The dose depen-
dent decrease in peripheral WBC counts is consistent with
previous findings in the mouse model after whole-body
gamma irradiation (Wambi et al., 2009; Ware et al., 2010;
Maks et al., 2011; Sanzari et al., 2013a).Table 9 e Bartlett's test.
Days/Test T.S P
0 day (3 h) 1.161 0.336
1 day 0.783 0.604
2 day 0.582 0.768
7 day 0.974 0.457
Table 10 e One-way ANOVA test.
Days/Test T.S P
0 day (3 h) 16.5 0.052
1 day 4.45 0.727
2 day 4.98 0.663
7 day 3.74 0.809
Table 11e Effect of low dose ionizing radiation on platelet
count.
Dose 0 day 1 day 2 day 7 day
Control 803 ± 18.7 808 ± 28.8 811.9 ± 28.9 820.2 ± 29.3
0.1 Gy 778.6 ± 18.4 786.8 ± 25.4 794.7 ± 24.7 802.6 ± 24.9
0.2 Gy 761.1 ± 25.3 775 ± 28.5 790.6 ± 29.1 796.8 ± 29.3
0.3 Gy 739.7 ± 35 763.2 ± 28.5 782.2 ± 29.2 786.3 ± 29.3
0.4 Gy 725.3 ± 38.1 741.6 ± 30.4 760.3 ± 31.2 761.6 ± 31.3
0.5 Gy 705.1 ± 45.6 720.2 ± 37.7 734.6 ± 38.5 731.7 ± 38.3
0.75 Gy 768.8 ± 18.1 791.3 ± 44.9 798.3 ± 45.5 761.1 ± 42.9
1 Gy 771.3 ± 20.6 789.3 ± 33.4 787.6 ± 33.3 733.4 ± 34.3
Fig. 4 e Effect of irradiation dose on platelet count.
Fig. 5 e Effect of irradiation time on platelet count.
Table 12 e Rate of dependence in platelet count with increase in radiation dose.
Dose 0.0 0.1 0.2 0.3 0.4 0.5 0.75 1.0
Rate of Degradation 0.0 3.2 8.9 18.5 11.3 10.1 17.5 13
Rate of Recovery 0.0 0.08 0.42 0.84 1.4 2.24 9.1 12.5
Fig. 6 e Rate of dependence in platelet count with increase in irradiation dose.
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counts was detected 24 h (one day) post-irradiation at all dose
levels in comparison to the control group and the WBC count
started to be affected at the dose of 0.3 Gy. There is an
increasing in significance with increasing in dose. This result
was comparable with that of Thrall et al. (2013) who detect a
statistically significant reduction in WBC counts at 24 h (one
day) post-irradiation for animals at all dose levels except the
0.25 Gy group. The dose dependent decrease in peripheral
WBC counts is previously the consistent findings with some
investigators in the mouse model after whole-body gamma
irradiation (Wambi et al., 2009; Ware et al., 2010; Maks et al.,
2011; Sanzari et al., 2013a). Similarly, Graessle (2002), re-
ported reductions in peripheral blood cell concentrations that
occurs at a dose-rate of more than 3 mGy/day. This can be
explained by continuous radiation induced excess cell lossesTable 13 e KeS test.
Dose Control 0.1 Gy
Days/Test T.S P T.S
0 day (3 h) 0.158 0.964 0.232
1 day 0.1770.261 0.913 0.147
2 day 0.504 0.182
7 day 0.166 0.946 0.149
Dose 0.4 Gy 0.5 Gy
Days/Test T.S P T.S
0 day (3 h) 0.193 0.851 0.192
1 day 0.150 0.978 0.119
2 day 0.141 0.988 0.2000.135
7 day 0.133 0.994in the stem (and precursor) cell pools of suitablemathematical
compartment models of hemopoiesis. This stem cell loss is
combined with a compensational increase of cell production
by the remaining stem cells (Graessle, 2002). On the other
hand, some investigator (Maks et al., 2011; Romero-Weaver
et al., 2013a, 2013b) determined that over the dose range of
0.5e2 Gy, the doseeresponse relationships for the numbers of
peripheral blood cells of various types following the exposure
of mice to SPE-like proton and gamma radiation were
approximately the same, with the dose response curves being
nearly identical (Billings et al., 2014). However, previously,
Rozgaj et al reported that long-term exposure to low doses of
ionizing radiation may affect the cells and tissues and result
in the blood count drops soon after irradiation and recovers
within several weeks. The drop of WBCs count confirms the
results observed in the blood count (Rozgaj, Kasuba, Sentija,&0.2 Gy 0.3 Gy
P T.S P T.S P
0.653 0.148 0.981 0.123 0.998
0.983 0.181 0.897 0.182 0.8950.905
0.896 0.226 0.685 0.179
0.980 0.143 0.987 0.119 0.999
0.75 Gy 1.0 Gy
P T.S P T.S P
0.853 0.163 0.953 0.306 0.305
0.999 0.234 0.643 0.162 0.955
0.820 0.155 0.970 0.241 0.605
0.993 0.354 0.162 0.157 0.967
Table 15 e Bartlett's test.
Days/Test T.S P
0 day (3 h) 6.83 0.447
1 day 4.20 0.757
2 day 1.05 0.994
7 day 0.94 0.996
Table 16 e One-way ANOVA test.
Days/Test T.S P
0 day (3 h) 4.161 0.001
1 day 1.714 0.119
2 day 0.964 0.464
7 day 0.611 0.745
Table 14 e Student's T-test.
Dose 0.1 Gy 0.2 Gy 0.3 Gy 0.4 Gy
Days/Test T.S P T.S P T.S P T.S P
0 day (3 h) 0.269 0.791 0.276 0.786 0.878 0.392 1.528 0.144
1 day 0.116 0.909 0.501 0.622 0.675 0.509 1.076 0.296
2 day 0.161 0.874 0.348 0.732 0.514 0.614 1.063 0.302
7 day 0.225 0.825 0.098 0.923 0.312 0.759 0.696 0.495
Dose 0.5 Gy 0.75 Gy 1.0 Gy
Days/Test T.S P T.S P T.S P
0 day (3 h) 2.872 0.010** 4.124 0.001*** 1.137 0.271
1 day 1.325 0.202 1.524 0.145 0.967 0.346
2 day 1.344 0.196 0.717 0.483 0.405 0.690
7 day 0.870 0.396 0.719 0.481 0.417 0.682
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 8 2e2 9 3290Prlic, 1999). Seed et al reported that IR is one of the cytotoxic
agents that particularly cause damage to cell renewal sys-
tems. They also demonstrated that the lymphocytes, throm-
bocytes and neutrophilic granulocytes uniformly showed
early decrease within the first days corresponding to cumu-
lative radiation doses (Seed, Fritz, Tolle, & Jackson, 2002). A
proliferating cell system requires one intact cell type, the stem
cell, and early progenitor cells for maintaining cell replicationTable 17 e Effect of low dose ionizing radiation on red blood c
Dose 0 day (3 h)
Control 6.97 ± 0.132 6.5
0.1 Gy 6.91 ± 0.170 6.5
0.2 Gy 7.04 ± 0.217 6.7
0.3 Gy 7.16 ± 0.173 6.7
0.4 Gy 7.34 ± 0.205 6.9
0.5 Gy 7.91 ± 0.299(a,b)* 7.0
0.75 Gy 5.95 ± 0.210 (a,b)*(c,d)**(e,f)*** 6.1
1.0 Gy 6.68 ± 0.217(f)** 6.3
* p < 0.05, ** p < 0.01, *** p < 0.001.
a statistically different from control animals measured at the same time
b Statistically different from 0.1 Gy animals measured at the same time
c Statistically different from 0.2 Gy animals measured at the same time
d Statistically different from 0.3 Gy animals measured at the same time
e Statistically different from 0.4 Gy animals measured at the same time
f Statistically different from 0.5 Gy animals measured at the same timeand homeostasis of the system. Following irradiation, be it
acute or chronic, all cells may be affected with the stem cells
and early progenitor cells being amongst the most radiosen-
sitive of all. At relatively low doses or dose-rates, then, hun-
dreds of stem and progenitor cell clones may emerge carrying
individual damages, as onewould expect from an “injured cell
hypothesis.” The consequencewould be a large number of cell
clones feeding into a wide variety of proliferating and perhaps
abnormal cell populations (Kutkov et al., 2011). Given the
remarkable degree of heterogeneity in cell type, proliferative
capacity, and cell cycle status within the bone marrow, the
hypothesis that subpopulations of stem cells (or other cell
types in the marrow microenvironment) are selectively
resistant to radiation damage has been proposed and tested
by (Grande, Varas, & Bueren, 2000).
The platelet count typically declines 5e10 days following
exposure to a mild or moderate IR dose. The duration of
thrombocytopenia correlates directlywith IR dose and platelet
utilization at sites of active bleeding (due to non-hematologic
sequelae of IR exposure such as gastrointestinal injury,
trauma, etc. (Krigsfeld, Sanzari, & Kennedy, 2012). In the pre-
sent study, there was a post-irradiation reduction effect on
platelet count especially at 0.5 Gy, but this reduction is not
statistically significant comparing to control. On the other
hand, at the1st and 2nd days of irradiation, the platelet countell count.
1 day 2 day 7 day
6 ± 0.197 6.65 ± 0.248 6.88 ± 0.301
9 ± 0.237 6.70 ± 0.230 6.79 ± 0.251
0 ± 0.220 6.77 ± 0.271 6.84 ± 0.307
5 ± 0.211 6.83 ± 0.258 7.02 ± 0.324
1 ± 0.261 7.02 ± 0.247 7.16 ± 0.267
1 ± 0.281 7.15 ± 0.284 7.26 ± 0.316
3 ± 0.195 6.41 ± 0.212 6.57 ± 0.303
1 ± 0.152 6.50 ± 0.268 6.71 ± 0.275
period.
period.
period.
period.
period.
period.
Fig. 7 e Effect of irradiation dose on RBC count.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 8 2e2 9 3 291has no evident change compared to the control for other doses
used. Additionally, the rate of degradation and the rate of re-
covery are done in the same time with a net decrease in count
by increase in irradiation dose. However, Billings et al. (2014)
reported that following the radiation exposures, platelets
began declining at day four, reached a nadir at days 11e12,
and then began to rebound. This effect was observed at a ra-
diation dose of 1 Gy and was more pronounced at 2 Gy.
Additionally, Thrall et al. (2013) reported, a significant
decrease of platelets count that observed at 7 d post-exposureFig. 8 e Effect of irradiation time on RBC count.in animals exposed at the highest level (2.0 Gy) in comparison
to the control and all other irradiated animals. The con-
sumption of coagulation factors and platelets throughout the
body's blood vessels, a condition known as disseminated
intravascular coagulation (DIC), can result in internal and
external hemorrhaging, and potentially death. Thrall et al.
(2013) also, reported that the platelet numbers did not
change in a significant manner within the first 48 h of proton
or gamma radiation exposure. However, other studies un-
derway suggest that radiation induced coagulopathies and
decreased platelet counts are present in animals exposed to
the radiation doses reported up to 2 Gy at time points later
than 48 h post-irradiation and with serious implications
within weeks after radiation exposure. However, Seed et al.
(2002) demonstrated that the platelet count was transiently
depressed during the course of the treatment with total-body
irradiation with a dose of 2.4 Gy. Although declines in circu-
lating platelet counts correlate with IR dose, they do not
necessarily predict subsequent hematologic recovery. This
might be explained by persistence of radio-resistant sub-
populations within hematopoietic stem cell and progenitor
cell compartments (Sidorov, Kimura, Yashin, & Aviv, 2009).
Unfortunately, Platelets are a rich source of cytokines and
growth factors, such as platelet derived growth factor (PDGF),
and they play an essential role in blood clotting and wound
healing (Semple, Italiano, & Freedman, 2011). Thus, it is
conceivable that a reduction in platelet numbers could affect
these biological processes (Billings et al., 2014).
Red blood cell is not a very radiosensitive cell, thus
choosing it is not a reflection of cellular radiation damage
in vivo. However, it is a suitable candidate for monitoring the
radiation effect for many reasons. First of all, it is a repre-
sentative sample for the whole body exposure, since it circu-
lates all over the body, second its accessibility and ease in its
separation to obtain cells with intact membrane (Shish Kina
et al., 2004). Previous reports have shown significant differ-
ences in RBC counts, hemoglobin, hematocrit, and mean
corpuscular volume between different strains of mice (Wirth-
Dzie˛ciołowska, Karaszewska, Pysniak, Smolinska, &
Gajewska, 2009). But Sanzari et al. (2014) fond that the differ-
ences between the results, following mouse exposure to low
dose-rate and high dose-rate radiation for peripheral he-
matopoietic cell counts, were not statistically significant. In
the current study RBCs was found to be increased with grad-
ually increasing the dose of IR until it reaching 0.5 Gy then
started to decline until it reach the maximum at 1 Gy. So, the
maximum value of RBC count was achieved at dose of 0.5 GyTable 18 e Rate of change in RBC count as a function of
dose.
Dose 0 day (3 h) 1 day 2 day 7 day
0.00 0.00 0.00 0.00 0.00
0.10 0.06 0.03 0.05 0.09
0.20 0.07 0.14 0.12 0.04
0.30 0.19 0.19 0.18 0.14
0.40 0.37 0.35 0.37 0.28
0.50 0.94 0.45 0.50 0.038
0.75 1.02 0.15 0.24 0.31
1.00 0.29 0.06 0.15 0.17
Fig. 9 e Change in red blood cell count as a function of
dose.
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 8 2e2 9 32923 h after irradiation. Then, the RBCs count decreases expo-
nentially with increasing the time. Contrarily, Nunia and
Goyal. (2004) reported that total RBC counts showed signifi-
cant decrease (p < 0.001) throughout the experiment at all
radiation dose levels. Also radiation exposure significantly
(p < 0.001) reduced the number of pro- and normoblasts in
bone marrow and RBC counts, hemoglobin (Hb), hematocrit
(Hct), and erythropoietin (EPO) level in blood, but increased
myeloid/erythroid ratio. At all the radiation doses, the
maximum decrease in these values was noted on the 3rd day,
followed by a gradual recovery from the 7th day, but it was not
recorded as normal even until the end of experimentation. In
general, gamma radiation had similar effects on blood cell
populations in both male and female mice at all doses and
time points analyzed. These effects were proportional to dose,
i.e. the most pronounced effects were observed at 1e2 Gy,
while at 0.5 Gy the differences between the peripheral he-
matopoietic cell counts observed for male and female mice
were not statistically significant. Hence, the data reported are
results obtained at radiation doses of 1 and 2 Gy. The levels of
RBCs, hematocrit, and hemoglobin remained within 10% of
those from control, un-irradiated mice throughout the course
of the observation period. Fortunately, red blood cell (RBC)
counts and hematocrit values remained stable following ra-
diation exposure (Billings et al., 2014).Fig. 10 e Effect of post-irradiation time on RBC count.5. Conclusion
Hematopoietic cells are highly sensitive to radiation damage
even at relatively low levels of exposure, and understanding
the temporal appearance of each of the symptoms with pro-
gressively increasing doses of radiation is invaluable in un-
derstanding the animal model. The study reported the effect
of low dose ionizing radiation on some blood components in
animal model. It is obvious that the ratio of the rate of
degradation to that of recovery of WBC count is 8.7 times.
Although both rates increase with dose, however, the rate of
recovery in the second stage is faster than the rate of recovery
in the initial stage. Also both rates show a tendency to level off
starting from 0.75 Gy in recovery rate and 0.5 Gy in degrada-
tion rate. A net recovery of about 42% is calculated up till
1.0 Gy dose. Regarding platelet count, there is slow increase in
linear dependence of recovery rate until the dose of 0.4 Gy and
a steep increase in linear dependence of degradation rate up
to the dose of 0.3 Gy. Both processes are done in the same time
with a net decrease in count by increase in irradiation dose.
Irradiation to RBCs indicates that the maximum value of RBC
count occurs at the dose of 0.5 Gy at the day of irradiation
(about 3 h post irradiation time). This time and dose are rec-
ommended for getting a maximum effect on RBC count. The
study concluded that IR causes a significant reduction in blood
cell counts in a dose-dependent manner, which may be
considered a potential health risk during exposure to irradi-
ation. Further studies are recommended to establish the other
risks of IR that can affect the workers in radiation fields.r e f e r e n c e s
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